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^4The National Interim Primary Drinking Water Regulations published
herein were promulgated on December 24, 1975, in accordance with

1"' the ?rovisions of the Safe Drinking Water Act (Public Law 93-523).

CY,
Additional Interim Primary Regulations for radioactivity in drink-
ing water were promulgated on July 9. 1976. These reguJ,ations

'-become effective on June 24, 1977, and become in essence the
standards by which all public drinking water suoplies are judged.
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APPENDIX IV

Dosimetr(e Cafcuftitfons for yan-Nade Radioactivity

A. Cafetdalions Based an N1JS !lnndbonk no

The dose rate from radioactivity in drinkinK watcr is calculated an the

bo'ts of a 2 liter daily' intake. Exaqd Ior tritiunt and strontium-90, see be-
low, the concentrations of man-made rudiunuclide.Y causing 4 millirem per
year have been calculated using the data in N135 Handbook 69 (1) and
are tabulated in Table IV-2A and IV-211. The do:se models used in preparing
Handbook 69 are outlined in reference 2 Maximum Contaminant Levels are
defined in terms of the annual dosc equivalent to the total body or any ia-
teraal organ. Handbook 69 lists the critical organ for each radionuclide.
Often the total body is listed as the critical organ. The 168 hour maximum
permissible concentrations for ingestion in Handbook 69 are not calculated
on the basis of the same annual dose to each critical organ as in the Interim
Regulations, rather different organ doses are permitted by occupational ra-
diation protection limits (ORL), Table IV-1.
TAats 1V-1. Occupational Radiation Ilmits

tORt.l

l:ritical Organ IIHL rrmal

fotal boaiy j

Gunada 5

Thyroid 30
Bone 29.1 ial
Othvr Orcana i5

;01 (a) Based on the nlpBa -nrrcy depueited in hnnr liv 0.1 I,Ui tif ru^iiwn.L_h.

TM The maximum permissible concentrations for a 168 hour week. MPC, in

Handbook 69, assume ingestion at 2.2 liters per day and are in units of y.Ci
;.^ per ec. The various numerical factors can be combined to find C.t, the con-

centration causing 4 mrem per year from 2 liters daily ingestion of drink-
tT ing water as follows:

C,t ^ 4.4 x 106 x YIPC ..... pCi per liter

ORL

Critical organs are identified by boldface type in Handbook 69 so that an

appropriate ORL can be selected from Table IV-1.

To illustrate, a eample calculation, taken from page 24 of Hnndboo'tt 69

is given:

•The ,eeent ICRP pubiication I23. "Report of the Task Group on Referencn Naa,"
(3) Stres the total daily water intake as 3 litera. 1.95 liters by fluid iaukr.We.bal-
anm by food and food o:idaion. Almost all of the fluid intake is from tap water and
water based drinks ( Pase 360).
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Radionuclide

Beryllitrm.T MPC (168 hours) - 0.02 uCi/cm3

l.isied critical organ Ci(I.LI) gaetrointestional tract
(Inw,•r large intestine)

Ci = 4.4 x 10' x 0•t)2 p(:t 5167 .t/I1 1 ^
= ()()O() pC/I

Rounding in appropriate since the values in Handbook 69 are given to one
significant figure.

Calculation of the dose resulting from the ingestion of drinking water
contafning a known mixture of radionuclides is straightforward, Let A,
B, ... be the concentrations, in pCi per liter, of isotopes a, b, ... in the
water and let C.A (X) be the average annual concentrations of isotope A
yielding 4 mfllirem per year to organ X, C•a (X) the same quantity for B,
etc. The total annual dose to organ X in one year is, then -

-- [ A(x) -f- ^aBX) + . . . ^ x 4 millirem

^ Therefore, the 4 miilirem limit is not excerded if

+ . . . f ! t.pC4AAX) ^4° )

J
CV,

fUr the t•artbu8 radionuclides mayIt should be noted that although Iimits

be based on different critical urgnns, the resultant duse is additive with
respect to a specific organ when the total bodv is the designated critical

organ for one of the radionuclidtw. For exnmple. consider drinking water

t which has on an annual ba=is a strontium-90 concentration of 4 pCi/I and

a tritium concentration of 15,000 pCi/1. The annual duse to bone marrow
from the strontium-90 is 2 mrem. The total bodv dnse from the tritium is

,t, 3 mrem annually. Even though the annual concentration of each contaminant

alone is permissible, the total dase to bone marrow is a mrem annually and

cy. therefore the MCL is exceeded. Tabular values for Cq for photon and beta
emitters are listed in Table IV-2A and IV-2B below.

B. The Dose from Tritium and Stroatium-90 in Drinkinq fYater
For the majority of radionuclides, the models given in Handbook 69 to

estimate doses to occupationally cxposed workers are also appropriate for
environmental contaminants. They are not, hnwever, appropriate for all
man-made radionuclides, particularly tritium and xtrontium-90. Concen-
trations yielding 4 millirem annually for these radionuclides are given in
Table A of the Interim Regulations and listed in Tablr. I V-2A.
Some radionuclides are isotopes of elements whivh are incorporated into

organic molecules within the body ao that the single exponentiai excretion
models assumed in the development of Handbook 69 undr.nwtimate the
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dose. An example is tritium where two or three nxponentials may be needed
to describe the dosc-time relationship of inge•det( tritium ( 4). Some in-
vt•.atigators have t..wtimated that following r.hronic iugmtion organically
bound tritiutn may increarc thc dueu• by a fnct-w 4 1.4 to 1.5 over that
pradicted by Handbook 69 (5). Surlt i.r.tiutatta are too high because or-
ganically bound tritium irradiutts the. total lx,dy nut.•w, and not just the
mass of body water, as assumed in tho nttnlcl uscil in Ilandbook 69 (2).

Consideration of the daily intake of hydrogrn and water shows that the
tritium concentration ( specific activity) in any organ is no greater than
120% of the tritium concentration in body water. The concentration of
tritium in body water following chronic ingestion is T/3 where T is daily
intake of tritium in pCi and the total water intake, including that in food,
is 3 liters per day ( 3). Water content by weight of any organ does not
exceed 80 percent (4). Therefore, equilibrium concentration of tritium in
any organ due to its water content, can not exceed 0.8 T/3 = .267 T pCi/kg.

Because of organically bound hydrogen an organ's hydrogen (and
t t^ tritium) content is greater than that due to water alone. The daily hydrogen
{.-t intake is .35.kg per day (3) and, since no organ contains more than 11

percent hydrogen by weight (4), the maximunt tritiutn concentration in
any organ following chronic ingestion is .11 7'.35 - .314 T pCi,kg. The
specific activity n( tritium in any orgun due to hound and unbound hy-

r•` drogrn nxt•rt•tls that due to its wnler content alone by the rutio ,314/.261 ^
1.18. Therefore, thc du.w• to vty organ Inc tu nrHnuicnlly hound tritium
rxt•et•ds the duse to budy wate•r, givrn in 19nndbuok 69, by no more than
about twentY pen•ent.

The Agency_}^ is aware that the. ICRP is developing new tritium dose
models more suitable for environmental sources of tritium exposure than
the model used in Handbook 69. Until these models are published and rec•
ommended by the Agency, the maximum contaminant lrvcl for tritium is

+a4 calculated on the basis of 80 percent of the value calculated using NBS
Handbook 69.' For tritium in drinkfna-water:

!y.

C,, =0.8x4.4x10°x
0.03

=21,120pCi/1

= 20,000 pCi/I

The maximum contaminant level for strontium•90 in the Interim Regula-
tions is based on the dose model used by the Federal Radiatinn Council
(FRC) to predict the dose to bone marrnw (6). According to the FRC
model a continuous daily intake of 200 pCi per day of +trontium•90 will
result in a body burden of 50 pCi per gram of calcium inbone. The annual

'ab. he atcardanee with current guidance to Federat agencies, a quality factnr of
17,1a in Handbook 69, is used in this calculation.
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dose rate to bone marrow from this body burden would be 50 mrem per
year (7). Therefore, continuous ingcation of 16 pCi per day would retwlt
in 4 mrern per year, the limit far tnan•made radionuclides in drinking water.
For two liters ingestion of water Irr dnv:
C.= 162pC-'t- =

811Ci/I .'?o

C. Cancenrratiuwa yirldinR an Annnal JJ.ne o/ •t Millbnm

Tables IV-2A and IV•211--give C., t1u- annual average concentrations for

r,.!

r..

f\1

!T

ml irem to the indicated organ. Table IV-2A comprises those nuclides

having half-lives greater than one day. Table IV•213 contains shorter half-

life radionuclides not eipected to appear in drinking water supptid. In-

gestion at a rate of 20 liters per day is assumed. The values shown were

calculated from the Maximum Permissible Concentrations listed in Hand-

book 69 (1) as outlined abova

T.uts IV•ZA. AaaunC Aoera6e Caaeen»atian Yielding 4 MiLirem per Year for a T_ara
Lite Daih Intake `

IHalf•life ¢rrater than 24 hours)

Radionuclide f:ritirai Organ C.
IpCi/1)

Tritium --- '1'ntai IG>,lr :0.000

4Re.- CI I LLII 6.000
aC14 F'at 7-000
ttNi= 'Pmui Id.iy 400
ISP32 Itunr $0
IIIy31 t',IL Jl]0

tlClaa T,dn! ILndy 700
'AAC"o n.nc 10
=aCa41 I)une 80

=1Scw GI 1 LLI l 1.000
^1^, Cl (LLD 300
.1S,48 Gf ( LLI) so
=V48 Cl (LLf ) 90
:rCr51 GI (LLD 6.000

23Mas= Cl (LLD 90
GI (LU) 300

=Few Spleen 2.000
=Feu GI (LU) 200
nC037 Cl (LLD 11000
TCou Cl (LLD 9.000

Tcu?o _ Cl (LLD L00
mNi^ Bune 300

Bone 5o
b7n44 Li,rer 300
22Ga-.% CI l LLI) (,,00p
=Aa%s CI (I.LI) 1.000
°Aa74 Cl (LLn 100
3'da-4 GI ( LLD 60
'iA.r+ CI ( LLD 200
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3+sa73 Kidney
3s&8z Cl tLLI)
nTRb" Tutul Body
3--Rbel 1'uncroaa
311506 GI (SI)
ztlSraw Bunc
3a51-89 B.mv Norrow IFR(:1
7^Brw ILmn Slarruw (FIi(:)
naYee GI (LLl)
aoYU7 C:7 I l.l.l )
+°Zr°a G I 11.1.1)
07c66 GI (111)
41Nba3" C:1 11.1.1)

4IC7bas ( ;Ill.l.!)
az}{oau Killnry
43Tca^ GI LLU
'sTc°T" GI ( LLI )
43fcat GI t LLI)
43Tc1B G! 1 LL! )
44R7qT G I ( LLI 1
44RutM GI l LLI)
HRujl"t
"

GI (1.1.! )
mRhTua Gf 1 LL) )
'aPdtm GIILL!)
'a?dsa' l a LLf )
11;gma 1:1 I 1.1.t )
":1gllo° UIILLU
4:Ag:u CI1 LI.1)
48C.114P.r GI 1 Ll.l )
laCdua- ('IltLLI)
liC`d115 I. i (.1.1 I

,Irlnlle

-1o5n°3 (a L1.11

'45n1=3 CI1I.I.1)
41Shl2z C111I.L1)
s'S6121 OItU.1)
.+icbca (:I I LLI )
zzTe125" Kidney
SsCetTra Kidney
52fe+zy GI l LLl)
321'ain- GItLLt)
•+2fei29 (:itS)
azTelan. (:1(LLI)
=fe'z= G I t LLI )
M(12e Thyroid
af+'-" Thyroid
diI131 Thyroid
5SCa+37 Total Rtwly
b°Ca^ GI (5)
45Cau° Total tiwly
a"Gtw Total Bndy
a6Ca_31 Total Bndy
eaBa3at G)(LLI)
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900
100
600
300

21,000

20

80

8

60

90

2,000

200

1.000

300

600

300

1,000

6,000

900

1.000

200

20

300

900

300

300

?0

100

600

?0

90

300

300

!A)

90
r10

300

600

200
900
90

000
200
90
3

3
20,000
20.000

900

8(M
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N&^ Gi(LLf) 90 •
_ x[iia GI(t.1d) bU

GIt1.1J1 300
°nCa14a 1:111.1.11 100
aPfto Ch I.LI ) 100
„Pm+^° (:I l ld.l l 100

. ^Sm101 CI I L1.1) I,OW
GI I LLf 1 200

^aEal" CI ( LLI ) 60
pEu154 Gf(LLU 200
mFat1" GItLLI) 600
^aCdim CI(LLI) 600
"Tb100 Cl ( LLU 100
"D7i^a CI(I.td) 100
mii0M GI ( LL! ) 90
O+Fs100 GI ( LLI ) 300
a°fmit0 <:11 I.1.1) 100

.p.l.. a•1'mtxi I:I U.7.I ) 1,000
70yyl70 la l LLI I 300
Tt[,utrT 300
Tsg(int 1:11 LL11 200
r3Tatn2 l:)11.1.17 100^
74qlta1 (:I1 I.I.! 1 1.000
74`ytn0 t:l 11.1.11 300
TSRe+M GI i LLI 1 2.000
TORe+aO 1:111.1.11 300

^•' T6Re+eT (:111.1.11 . 9.000
rap,,ns GI11.1.1) 200

k"p' tWa+nt GfILLII 600
"n0a+oa Gi ( LL! 1 200

GI(LI.1) 600
• ^ir+^= Cl i LL! ) 100

TAPriu+ GI11.1.11 300
Tapttua- (;I(LI.I) 3.000
rnptma KLinvv 3.000

TePt+OT (:l t LI.I) 300
•^I roAutft GIt(1[.!) 600

TuAu)8e GI ( L).I ) 100

0%
BtTI^ GII LLI I 30p
e2Pb= Gi (LL) ) 1.000
mRiWG GI I LLI I tl)p
giSim C I f LI.I ) _(AI
utPa= GI I I.1.! 1 30)

TAut.c IV .2B
Annual AvnaRe Concentrations Yielding 4 .Nillin•m

per Year for a Two Liu•r Daily Intake
/l3aff• life In.. t han 24 hou n.l

Radionuclide Crftlca! Organ -_- - f;

p!a/!)

°Ft® GI(5I) -' -- -- ' " 2A00
ugpi CI(5) 3.000
tTaae GI(S) I1000
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19K4= Gl(S) 900
25Mn36 l;l (LL!) 300
='rCo^ (;I(LL!) 300
2SNiw G) (LLl) 300
=9Cu84 (;l l LLl) 900
3oZna°' G I ( LLI) 200
3&Zne9 U1(S) 6,000
atGatz GI I LLl ) 100
wS06- Total Ilofly 900
USral GI(LL)i 200
38SreS (:l l ULI) 200
3WY91. GI (SU 91000
3DY92 l;l (1) LI) 200
39Yw GI 11.1.1 ) 90
407.&7 GI11.1.1) 60
+INbet la l U LU 3.000
431'em. (;I1I.Ll) 30,000
43l'cN' Gf (UL!) 20.000
«Rht05 GI ( ULl) 300
4aRh3w- GI(S) 30,000
491a12" GI l ULU 3,000
401n114. G11 LLI1 60
folalta' GItUL!) 1,000
ulta= 'Phyrnid 90
m(ta 'I'hvmid 10
ulKa+ 7'hyroid 100
uitu Thyroid 30
eaGtaa. Tofal Body 80
suprlre GI ( LLI ) 90
eoNdua GI l LLI) 900
^Eu+3- I;I (LLI) "<00
'KGdtea t:l t LLI1 200
nepytan GI t LLI 1 1.000

1:IIUI.I1 300
riQner ca 1 LLI1 200
"SRet+'d GI l 1.1.1) 2011
oeQatet^ G!(1.1.11 9,000
TT1ti°^ f:Il LL11 90
%aPttoT^ GltULI) 3.000
a111M GI (LL!) 300
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